This paper describes our experience with the respiratory effects of TDI. Five respiratory reactions attributable to TDI are described with supporting evidence. The reactions are sensitization, irritation from overexposure, acute loss of ventilatory capacity, accelerated loss of pulmonary function and induction of a general asthmatic state. Evidence is presented that suggests a safe exposure level.
In our plastic world, polyurethanes have achieved great commercial importance. The production of polyurethane involves the combination of chemicals containing two highly reactive isocyanate groups with a polyol. It is during this mixing and foaming process that the isocyanates are evolved into the workroom atmosphere. Depending on plant configuration and ventilation, few or many worlwrs can be exposed. Other significant exposures may occur in industrial chemical laboratories and during repair or cleaning of the equipment. The products are used primarily as cushioning materials (mattresses, pillows, seat cushions, and packing materials), for insulation (thin-walled refrigerators and ovens), for soft toys, and for surface coatings (varnishes and paints).
The diisocyanates have been of concern to industrial toxicologists since the 1940's, and the first clinical report of health consequences appeared in 1951 (1) (4) .
The question of whether long-term, low-level exposure to TDI produces chronic pulmonary impairment has received recent attention. McKerrow, Davies, and Jones (5) examined 22 men who had 2.7 yr average exposure to low levels of TDI and found that of several pulmonary function tests the FEVY was depressed below predicted normal. Hill (6) noted that bronchitis was more common among workers exposed to isocyanates than among controls. Adams (7) 
In contrast to normal losses the annual decrement for patients with chronic obstructive lung disease is much greater as seen in several studies conducted in Great Britain and the United States (see Table 1 ). It would appear from these studies that the development of chronic obstructive lung disease is a slow, insidious process taking many years to develop, especially when observed in a population of affected persons. The FEVY decrements in these groups of sick persons range from 0.079 to 0.084 I./yr. If one extrapolates again from age 20, at which time the FEVY is approximately 4.0 liters, to age 60, the FEV1 has fallen to 0.8 liters.
With these facts in mind we followed a cohort of workers exposed to low levels of TDI for 3 yr. We measured their ventilatory capacity annually on a Monday morning after a weekend of no exposure and before exposure had begun on that day.
At one year we found a fall of 0.12 liters in the FEVY. A similar decrement was approximated in the second year, and by the end of the third year it was clear that the decrement was a persistent 120 ml/yr. It is clear that this rate of decrement is excessive and strongly suggests that TDI has a chronic disease potential. In addition the acute reaction seen over one shift correlates highly with subsequent long-term decrement (r = 0.71). This has important implications for the screening, control, and surveillance of exposed workers. It is also a large enough correlation for a safe level of continued exposure to be estimated on the basis of acute reactions to TDI.
The correlation between acute, workshift decreases in FEV1 and cumulative decrements over 3 yr led to a study designed to examine the possible dose-response relationship for acute effects.
A total of 111 workers exposed to TDI were examined during a work shift. Their ventilatory capacity was measured before and after the shift on a Monday. Their exposures ranged from 0.002 ppm to 0.013 ppm. Workers were divided into four groups over this exposure range. All four groups demonstrated significant declines in FEV1 with the magnitude of de-crease correlating with level of exposure Table 4 . Relationship of eosinophilic response to change in (Table 2) . ventilatory capacity (FEVY), males only., To verify this, a stepwise regression analysis was performed which revealed one independent variable to contribute significantly to the explanation of variance. That factor was magnitude of exposure (Table 3) . In an attempt to gain some insight into the mechanism and possibly to determine which workers would be most likely affected by exposure to TDI, we measured circulating eosinophil levels Monday morning prior to exposure and again on Wednesday morning. On the same workers, FEV1 was measured before and after their Monday shift. There was a statistically significant rise in absolute eosinophil count and a statistically significant fall in FEV1. The two were correlated (Table 4) 
Summary
It appears that there are at least five describable patterns of respiratory reaction to TDI. They are not necessarily mutually exclusive.
The first and most widely recognized is that of TDI sensitization. In our experience approximately 2.5%o of workers exposed to "safe" levels will develop asthmatic symptoms each year. Following development of this state, no further exposure to TDI is tolerable.
Another respiratory reaction is that of chemical bronchitis following overexposure usually as a result of an accident. Sensitization as described above does not necessarily follow. The fall in ventilatory capacity seen over a workshift constitutes another reaction to TDI and because of its correlation with accelerated loss of pulmonary function described below, is important for screening and surveillance of workers.
TDI appears to accelerate loss of pulmonary function. Prolonged exposure could thus result in the indidious development of chronic obstructive lung disease.
The incidence of adult-onset asthma appears to be excessive from populations exposed to TDI.
